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@ Apparatus for generating a signal representative of a co-ordinate position of a movable indicating member.

@ Apparatus is disclosed for generating a signal represen-
tative of a co-ordinate position of a movable indicating
member, the member being constructed for interacting
magnetically with sensing coils. The apparatus includes a
plurality of sensing coils {2 to 11) for interacting magnetically
with such a member, the coils being positioned substantially
in or adjacent to a real or imaginary surface in or adjacent to
which such an indicating member may be moved, the sens-
ing coils being positioned to divide an area of interest in the
surface into regions, each of the coils encircling part of the
area of interest and having conductors in the area substan-
tially along region boundaries only, each of the regions
being within an arrangement of the sensing coils particular
to that region. A further coil (1) is positioned substantially in
or adjacent to the real or imaginary surface and surrounds
the entire area of interest. There are a first one (2) and a
second one (3) of the sensing coils which have conductors at
substantially the same pitch but which coils are offset rela-
tive to each other. Processing means {16, D2 to D11, 17, G2 to
G11 and L1 to L9) includes an exclusive-OR gate (15), an
output of each of the first and second ones of the sensing
coils being coupled only to a respective input of this gate.

The processing means uses the output signal of the
exclusive-OR gate and other signals derived from the sens-
ing coils with reference to the signal in the further coil to
produce a binary coded signal representative of a co-
ordinate position of such a member.

Croydon Printing Company Ltd.
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APPARATUS FOR GENERATING A SIGNAL REPRESENTATIVE OF
A CO-ORDINATE POSITION OF A MOVABLE INDICATING MEMBER

Apparatus for generating a signal representative

of a co-ordinate position of an indicating member
is disclosed in British Patent Specification No.
1,528,578,

According to the present invention, there is

provided apparatus for geperating a signal representative

"of a co-ordinate position of a movable indicating

member, the member being constructed for interacting
magnetically with sensing coils, the apparatus including:
(a) a plurality of sensing coils for

interacting magnetically with such a member, the coils

- being positioned sﬁbstantially in or adjacent to a real

or imaginary surface in or adjacent to which such an

indicating member may be moved, the sensing coils
béing positioned to divide an area of interest in the
surface into regions, each of the coils encircling
part of the area of interest and having conductors in
the said area substantially along region boundaries only,
each of the regions being within an arrangement
of the sensing coils particular to that region; and
- (b) means for processing signals from the
sensing coils to produce a signal representative of
a co-ordinate position of such an indicating mémber,
in which apparatus: ‘ '
-(ec) there ére a first one énd a second

one of the said sensing coils which have conductors
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at substantially the same pltch but whlch coils are

offset relative to each other' and 7
(d) the proces51ng means 1ncludes an’ exc1u51ve—OR '

gate, an output of each of the said flrst and second ’

ones of the sens1ng coils belng coupled only to

a respective input of this gate whereby '

signal at an output of this gate isrthatiwhiCh wouid

appear from a single sensiug coil haviug conductors

at a'smaller pitch than- the conductofs*of:each of the

said first andrsecond.oues of the sensing coils, -

-in use of the'apparatus; theﬁsignaleat the output of

the exclusive-OR gate being,onejoflthe signals
pfocesSed by the processiug}meaus‘tO'p:oduce'a_signal
representative of a co—ordinate position'of,such
a member. R :'7 T
' Preferably, the'said*firSt'onefof'the7sensiug
coils is offset relative to,theiSaid'secondrone.of,the-'
sensing coils by subStautiallyihalf thérpitch,of its
said conductors, whereby the signalfat the oufput h
of the exc1u51ve—OR gate is that which would be produced
by a single sen51ng coil hav1ng~conductors at substantlally
half the pitch of the conductors of each of the sald
flrst and second ones of the sen51ng 00115.

The apparatus could 1nclude a further coil,
p031t10ned substantlally 1n or adJacent : the said
real or imaginary surface and surroundlng the entlre
area of 1nterest,for co—operat;ng magnetlca11y1w1th
such a member, the'processing means beingrarranged
for deriving 31gnals from the sen51ng c011s w1th

rreference to a signal in the further c011 and proces51ng the

.derlved 51gna1s to - produce a s1gna1 representatlve of a

co—ordlnate position of such a member.In thls case, the
proce551ng means could include means for comblnlng,.for

example in a subtractive manner, a s1gna1 derlved
from a fraction, for example half of a 51gna1 in the further_

c011 with a 81gna1 derlved each of the sen31ng coils.



10

15

20

25

30

35

3 0029664

In this case, the combining means could comprise,

for each of the sensing coils, respective detecting means
having an input coupled to an end of the sensing coil

for detecting the signal in the coil, and another input
connected to an output of amplifying means for.

receiving the said fraction, in the case of each of the said
first and second ones of the sensing coils, the said end
being the said output of the coil, an output of the
respective detecting means being coupled to the respective
input of the exclusive-OR gate. Such apparatus could

" be designed to co-operate with an indicating member, for

example a writing implement for writing on a writing

surface (sucq as a sheet of paper) laid over the real or
imaginary surface and including a coil electrically energised
to produee~magnetic flux for interacting with the sensing
coils and the further coil. The coil of the indicating
member could be energised by an electrical signal comprising
pulses at a certain frequency, the processing means of the
apparatus inciuding a plurality of.latching means
operated in use at the frequency of the pulses and receiving
signals derived .from the detecting means, one of the
latching means being coupled to the output of the exclusive-
OR gate. There.could be reepective amplifying means coupled
to the output of each of the detecting means, -in the case
of each of the detecting means coupled to the said
outputs of the said first and second ones of the sensing
coils, the amplifying means being coupled between
the output of the detecting means and the respective -input
of the exclusive=OR gate. _

The sensing coils of apparatus according to ther
present inyention could comprise a first set of sensing
coils, there being a second set of such sensing coils

orthogonal to the first sensing coils and further such

. processing means, for processing signals from the second

set of sensing coils, so that signals representative
of co-ordinate positions of such an indicating member

in two orthogonal co-ordinate directions can be produced
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by the first-mentioned and further processing means
respectiveiy. o N
The distance between adjacent conductors of
at least some of thé sensing coils, or at least one
of the sets of senéing coils, could be greater
near edges of the area of interest than élsewhere.
Apparatus according to the present invention
could be used in the recognition of hand-written
characters or ‘other graphical or numerical data,ran
appropriately programmed computer being connected with
the or each process1ng_means for receiving co-ordinate
position representativé signals.theréfrom.

The presént invention will now be described by
way of example with reference to the accompanylng drawings,
in which® _ .
Flgure 1a to 13 show the shapes of various
coils in the apparatus and ' '

Figure 2 is a 01rcu1t diagram showing how the
coils are connected w1th processing means.

In the apparatus to be described, there are
eleven coils for use in deriving a signal representatlve
of a co—ordlnate p051t10n in a first co-ordinate dlrectlon
(the X-direction) of a Wr1t1ng implement carrylng
a coil which is electrically energised to produce

-a magnetic flux. The coils are produced in the manner
‘'of a double-sided printed circuit board on a substrate
‘having metal on two opp@site faces, by etching away

metal from these faces so that conductors of the coil
extending in the X-direction are on one face and coﬁductors
of the coils extending in the orthogonal direction

(the Y;direction) are on the opposite face, appropriate
through-connections being effected to cbmplete the

coils. Assuming measurement in the X-direction from a
position O in terms of a nominal unit of distance, then

the coils are as follows:-
There is an outexr coil 1 having conductors

extending in the Y-direction at distances of 0 and 513
along the X-direction (see Figure 1a).
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There is a coil 2 having conductors extending
in the Y-direction at distances 1,5,9,13....... 501,
505 and 509 along the X-direction (see Figure 1b).

There is a coil 3 having conductors extending
in the Y-direction at distances 3,7,11,15...503,507
and 511 along the X-direction (see Figure 1c).

There is a coil 4 having conductors éxtending
in the Y-direction at distances 2,6,10,14...502,506
and 510 (see Figure 1d).

There is a coil 5 having conductors extending
in the Y-direction at distances 4,12,20...492,500 and
508 along the X—directioﬁ (see Figure le).

There is a coil 6 having conductors extending
in the Y-direction at distances 8,24,40...472,488
and 504 élong the X-direction (see Figure 1f).

There is a coil 7 having conductors extending
in the Y-direction at distances 16,48,80...432,464 and
496 élong the X-direction (see Figure 1g).

There is a coil 8 having conductors extending
in the Y-direction at distances 32,96,160...352,416
and 480 along the X-direction (see Figure 1h). )

There ds a coil 9 having conductors extending
in the Y-direction at distances 64,192,320 and 448

along the X-direction (see Figure 1i).

There is a coil 10 having conductors extending
in the Y-direction at distances 128 and 384 -along the

-X-direction and there is a coil 11 having conductors

extending in the Y-direction at distances 256 and 512
along the X-direction (see Figure 1j).

For the sake of clarity and ease of illustration,
Figures l1la to 1g have been drawn to a different
scale from Figures 1h to 1j. It will be appfeciafed
that coils 2,3 and 4 have conductors at the same pitch,
namely 4 nominal distance units, and coils 5,6,7,8,9,10
and 11 have conductors at pitches 8,16,32,64,128, 256 and
256 respectively in terms of the nominal distance unit.
All the coils 2 to 11 are disposed within the outer coil

1. Also, it will be appreciated that there are no two
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conductors extending in the Yvdirection‘ at ‘the same distance along the
X~direction, The conductors extendtng in the ZX-dJ_rection are all
at different distances along the Y—dlrectlon ' -

The apparatus is intended to 'be used w1th a w:.tmg 1mp1ement
which includes a 0011 electrically energlsed to produce a magnetlc
flux for oo-—operat:mg with the coils, the substrate can'ylng the
coils being underneath.a surfaoe on which a sheet of paper may be
laid. The coil of the :mplement is energlsed by an electrical
signal which oomprlses a carrier o:E 250kHz modulated by pulses at a
frequency-of 250Hz. Assummg the :unplement 1s placed on the paper
1aid on to the surface abovethe coﬂs and the co:.l of the implement
is energised, the signal induced in each of the sens:'mg coils 2 to 11
1s dependent on whether the coil of the 1mp1ement is in or out of ‘the
sensing oo:l so that’ the coubmatlon of :mduoed s:Lgnals uniquely deflnes

" the oo—ord;mate pOSlthIl of the :qulement in the X—dn'ectlon.

Processmg means assoc:Lated with the coils 1 to 11 will now be
described, :Eor pmducmg a b:mary coded s1gna1 representatlve of the
co-ordinate’ p051t10n of the :mplement m the X—dlrectlon using the
induced signals in the coﬂs 1 to 11, with re:t‘erence to ‘Figure 2. ,
The end 14 of the coil 1 and the ends E2 E3...E11 of the coils

2 to 11 are electrically oonnected together and to earth. A
A potentlometer 16 is connected between the ends 13 and 14 of
the coiil: 1 and from 1t is tapped half the s:Lgnal induced in the coil 1,

Whlch is applied to the input of a common emltter ampllﬁer 17. The
output of the amplifier 17 is oonnected to a non—:nvertlng anut of.
each of demodulators D2 D3.. .D11 The other ends A2, A3...A11

of the coils 2 to 11 are connected to mvertmg inputs of respective
ones of the demodulators D2, D3...D11 so that an anpllfled version of
balf the signal in the coil 1 is cambined in a subtractive manner
with the signals induced in the cmls 2 3...11 in the denndulators e,
D3...D11 respectlvely. The outputs of the demodulators a:re connected
to the inputs of respectlve amplii’lers G2, G3.. .Gll "Each of the
amplifiers acts as & zero referénce carparator. Each of .- i

the demodulators 1s operated by a danodulatmg s:Lgnal of
250kHz - The phase of the output s:gnal ‘of each o:t
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amplifiers G2, G3...Gl1l is dependent on whether the coil
of the writing implement is in or out of the associated
sensing coil, so that the particular combinatlion of
phases uniquely defines the co-ordinate position of the
writing implement in the X-direction. The outputs
of the amplifiers G2 and G3 are connected to respective
inputs of an exclusive-OR gate 15, the result being
that the signal appearing at the output of the gate
15 is that which would appear if, instead of the
coils 2 and 3, a single coil was used having half the
pitch of the conductors'extending in the Y-direction of
each of the coils 2 and 5. This technique provides
a sensitivity corresponding to that which would be
ontained using a sensing coil having conductors
extending in the ?fdirection whose pitch is half that
of the corresponding conductors of each bf the coils
2 and 3, but avoids actually using such a coil,
which might not be possible having regard to the
physical dimensions of the writing implement being
used.
The output of the gate 15 and the outputs of the

amplifiers G4, G5...Gll are connected to the inputs

of respective latches L1, 1L2...19 each of which is operated

at 250Hz. The set of output signals from the latches
in“response to any particular sampling is a binary coded
signal uniquely defining the co-ordinate position of the
implement of the X-direction. The sequence of binary
coded signals can be fed to a suitably progrémmed computer
for identifying characters written by the implement.
The substrate carrying the sensing coils 2 to 11
and the outer coil 1 is on one side of an electrically

insulating plate, on the other side of which is an identical
arrangement of sensing coils and an outer coil, orthogonally
disposed relative to the sensing coils 2 to 11 and the outer
coil 1 and connected and provided with processing meaﬂs in the

manner described above, for producing binary coded
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signals unlquely deflnlng co«ordlnate p051t10ns of the
implement in the Yvdlrectlon., I
In a practical form of apparatus as descrlbed

above, the coils for use in produclng,banary codedrsignals
defining co- ordinate'positions of the implement ln the
X~direction actually may dlffer from the c01ls |
orthogonally disposed, in that there is a greater
distance respectively between the flrst two_and therlasttr
two of the conductors extending'in the,Y;direction'of each
of the coils 2,3,4 and S,Vthe conductors_extendiné'in the
Y-direction therebetween;being atrthersame?distanceS'
in the X-direction in terms of the nominal diStance unit
as described above but the coils 1,2, 3 4land S'starting and
flnlshlng to the left and right respectlvely of distances’ |
0 and 513. 1In fact the first and last conductors extending

in the Y—dlrectlon of the c01l 1 are at dlstances —113 and 642

long the X—dlrectlon' the flrst second last but one and
last of the conductors extendlng in the Y—dlrectlon of. the
coil 2 are at dlstances -96, -28, 505 ‘and 574 along the :
X-direction; the first, second last but one ‘and last of the
conductors extending in the Y-direction of the 0011 3

‘are at distances -63, 7, 540 and 608 along the.X-d1rect10n"

the first, second, last but one and 1ast of the conductors
extending in the Y-dlrectlon of the 0011 4 are at dlstances;
-79, 8, 506 and 591 along the X—d1rect10n and the flrst,
second, 1&ﬂ:but one and- last of the conductors extendlng

in the Y-direction oi,the,c01l,5 are at dlstances -45,

12, 500 and 557 along the X-direction. Also, the second
"conductor extending,in'the Y-direction of the coil 11 is .

at distance 625 along fhe X-axis.  This is so that regions
defined by. coils 2,3,4 and 5 are prov1ded at the beg1nn1ng

'and end respectlvely of the set of coils wath which the o

writing implement may co-operate for dlfferent,functlons,
for example to send correction signals to the‘compUter

or to use the computer for carrying out. calculatlons

reglons belng on the surface under which ‘the coils are dlsposed

which are approprlately marked to show where -the - implement
should be placed. -From the second to- the last but one of



10

15

20

25

30

35

0029664
-9
the conductors extending in the Y~direction of the coil
4, there is a distance ol about 300mm, the various conductors
of the coils extending in the Y-direction having a pitch
of 0.584mm (this being the nominal diétance unif) and the
set of coils extends in the Y-direction by about 300mm; and the
pitch of the various conductors extending in the X-direction
of the orthogonally disposed coils for use in producing
binary coded signals defining co-ordinate positions
of the implement in the Y-direction is 0.584mm, this set
of coils being about 300mm by 300mm in size and overlying
the area between the said second and last but one of.the
conductors extending in the Y-direction of the coil 4.
The result ié that the aﬁparatus enables a sheet of
A4 writing paper to be placed over the coils (between the
said.secoqd and last but one of the conductors extending

in the Y-direction of the coil 4) so that characters

written on it can be recognised. ,
' It will be appreciated that, in apparatus
according to .the present invention, there could be

more than one pair of sensing coils having conductors

at substantially the same pitch which coils are offset
relative to each other, an output of each of such pair

of sensing coils being coupled only to a respéctive input
of an exclusive-OR gate associated with the pair of coils
reépecti§e1y. .
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CLAIMS : ,
1. Apparatus for generating a signal répresentative
of a co-ordinate position of a movable indicating
member, the member being constructed for intéracting
magnetically with sensing coils, the apparatus including:
(2) a plurality of sensing coils for interacting
magnetically with such a member, the coils being
positioned substantially in or adjacént to a real
or 1mag1nary surface in or adjacent to which such an
indicating member may be moved, the sensing coils
being p051t10ped to divide an area of interest in the
surface into regions, each of the coilé encircling
part of the area of intérest and having conductors
in the said area substantlally along region boundaries
_only, each of the regions being within an arrangement
of the sen51ng coils particular to that region; and
(b) means for process1ng signals from the
sensing coils to produce ‘a signal representatlve .0of
a co-ordinate position of such an 1ndlcat1ng member,
in which apparatus.
(c) there are a firstrone and a second
one of the said sensing coils which have conductors
at substantially the same pitch but which coils
are offset relative to each other; and ' :
(d) +the processing means includes an exclusive-
OR gate, an output of each of the said flrst and
second ones of the sensing coils being coupled only _
to a respective 1nput of this gate whereby
a signal at an output of this gate is that which
would appear from a single sensing coil having
conductors at a smaller pitch than the conductors
of each of the said first and second ones of the
sensing coils, in use of the apparatus the signal
at the output of the exclusive-OR gate being'bne of
the signals processed by thé'prbcessingimeans to -
produce a signal representative of a co-ordinate

posifion 6f such a member.
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2. Apparatus according to claim 1, wherein the
said first one of the sensing coils is offset relative
to the said second one of the sensing coils by substantially
half the pitch of its said conductors, whereby the signal
at the output of the exclusive-OR gate is that which would
be produced by a single sensing coil having conductors at
substantially bhalf the pitch of the conductors of each of
the said first and second ones of the sensing coils.
'3. Apparatus according to claim 1 or 2, including

a further coil, positioned substantially in or adjacent to
the said real or imaginary surface and surrounding the entire
area of interest, for co-operating magnetically with
such a member, the processing means being arranged for
deriving signals from theréensing coils with feference
"to a signal in the further coil and processing the derived
signals to produce a signalvrepresentative of a co;'
ordipate position of such a member. _

4, Apparatus acéording to claim 3, wherein the
.said processing means includes means for combining a signal
derived from a fraction of a signal in the further coil
with a signal derived from each of the sensing coils.

5. Apparatus according to claim 4, wherein the said
fragtion is a half.

N 6. Apparatus according to claim 4 or 5, wherein the said
combining means is arcarged for combining the said signal .
derived from a fraction of the signal in the further coil
with the signals derived ffom the sensing coils in. '

a subtractive manner. ,

7. Apparétus according to claim 6, wherein the
.combiniﬁg means comprises, for each of the sensing coils,
respective deteéting'meaps having an input coupled to
an end of the sensing coil for detecting the signal in
the'éoil, and another input connected to an output of
amblifyiﬁg means for receiving the said fraction, in the
- case of each.of the said first and second ones of the sensing
coils, the said end being the said output of the coil, an-

output of the respective detecting means being coupled
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to the respeCtive inputrof the excluéiVéGQR.gate,
8. Apparatus:according to claim;?,rwherein .
each of the detecting‘meansicomprises a demodulator.'
9. Apparatus according to claim 7 or 8, ‘wherein
.the processing means includes a plurality of latching means
operated in use at a certain frequency and connected for
rece1v1ng s1gnals derived from the detectlng means,
one of the latching means ‘being coupled to the output
of the exclus1ve-OR gate. , '
: 10 Apparatus accordlng to any of c1a1ms 7’to 9
wherein the process1ng means 1nc1udes respectlve
) ampllfylng means coupled to the output of each of the
detecting means, in the case ofieach of,the,detectlng
means coupled to the- said'outputSVOt'the'said'firstr
and second ones of the sensing 0011s the ampllfylng
means being coupled between the output of the detectlng
. means and the- respectlve 1nput of the exclu31ve—OR gate.
11. Apparatus accordlng to. any precedlng claim,
.whereln the sensing coils comprlse a flrst set ‘of sensing
coils,- there being a second set of such sens1ng coils |
orthogonal to the f1rst sens1ng c011s and further such -
process1ng means for proce551ng s1gna1s from the second
set of sensing COllS - 80 that s1gna1s representative of
".co-ordinate posxtlons of such an indlcatlng member in “two .
orthogonal co-ordlnate d1rections can be produced by the '
first-mentioned. and further proces51ng means respectively.
i .12, Apparatus accordlng to any precedlng claim,
wherein . the dlstance between adgacent conductors of at '
. least some of the sens1ng coils, s or at least one’ '
of the sets of the sen51ng coils, 1s greater near edges of the

-area of interest than elsewhere. o
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